Non-capsid poliovirus proteins of the P2 region in extracts of infected cells were solubilized by SDS, separated by PAGE, electroeluted from the gels and used to immunize mice. The sera obtained were rendered monospecific by extensive absorption with proteins from uninfected cell extracts, and the spleen cells of these animals were used to establish antibody-secreting hybridomas. The monoclonal and the monospecific antibodies recognized denatured antigen (proteins 2C, 2BC and P2) in ELISA, immunoblot and immunoprecipitation tests and also combined with the native proteins of the P2 region in immunoprecipitation. In addition, the antibodies could be used successfully for immunofluorescence and electron microscopic immunocytochemistry.
INTRODUCTION
The genome of poliovirus codes for a polyprotein of 250000 mol. wt. which is cleaved into approx. 25 partially overlapping proteins (Rueckert & Wimmer, 1984) . Six of them, the viral proteins (VPs) VP0, VP1 to 4 and VPg are incorporated into the infectious or the non-infectious (empty) capsid. Of the non-capsid viral proteins (NCVPs) only a few are known to exert a definite function during the viral replication cycle, whereas the roles of the majority of them can only be speculated on (for review, see Koch & Koch, 1985) . The availability of monospecific or monoclonal antibody (Ab) against NCVP would greatly facilitate investigations on their function and their intracellular location.
As the capsids are liberated in large amounts from the infected cell, they can be purified extensively and the VPs are thus available in pure form for the induction of Ab. The NCVPs on the other hand, always remain cell-associated and the purification of most of them is not an easy task due to their intimate association with membranes or other cellular components (Bienz et al., 1983; Tershak, 1984) .
Presumably because of these difficulties in obtaining appropriate antigen, thus far monoclonal Abs only against VPs have been described. Polyclonal Abs against NCVPs have been induced by synthetic peptides (Baron & Baltimore, 1982; Emini et al., 1983) or by purified proteins Semler et al., 1982 Semler et al., , 1983 . Up to now, no monoclonal anti-NCVP Ab has been reported. In the present paper, we describe a method for the production of monoclonal and monospecific Abs with NCVP antigens derived from infected cell extracts. We show that, despite the use of denaturing detergents in the preparation of the antigen, the Abs react as well with native as with denatured protein and that, therefore, the Abs can be used for biochemical and functional studies as well as for immunocytochemical investigations at the light microscopic (LM) or electron microscopic (EM) levels.
The injection of a cytoplasmic extract of poliovirus-infected cells into an animal leads to the production of anti-cell Ab and anti-virus Ab, which are almost exclusively anti-VP1 Ab due to the immunodominance of this protein (unpublished results). Isolation of NCVP under nondenaturing conditions, e.g. by means of centrifugation, gel filtration etc., is only feasible for a few soluble or partially soluble NCVPs, such as 3D (Flanegan & Van Dyke, 1979) or 3C 0000-7074 O 1986 SGM L. PASAMONTES, D. EGGER AND K. BIENZ (Tershak, 1984) . To dissociate the more tightly bound proteins from the cellular components, the use of strong, denaturing detergents such as SDS proved to be necessary. Once solubilized, these proteins can be separated by a variety of techniques. We found it most convenient to use polyacrylamide gel electrophoresis (PAGE), followed by electroelution of the required proteins.
METHODS

Cells and virus.
HEp-2 cells and poliovirus type t, Mahoney, were grown in suspension culture as described earlier (Bienz et aL, 1973) . Sp2/O-Ag-14 myeloma cells and the Ab-secreting hybridomas were grown in Dulbecco's modified Eagle's medium (Seromed/Biochrom, Berlin, F.R.G.) supplemented with 15~ foetal calf serum, L-glutamine, sodium pyruvate, gentamicin and 2-mercaptoethanol.
Preparation of antigen. (i) Viral antigen. To prepare viral antigen for the induction of monospecific and monoclonal Abs, the poliovirus protein 2C of the P2 region was used. Infected HEp-2 cells were labelled under high salt conditions (Nuss et al., 1975) with 50 ~tCi/ml [3H]leucine or 150 ~tCi/m114C-labelled protein hydrolysate (Amersham) for 1-5 h prior to harvesting the cells at 3.5 h post-infection. A cytoplasmic extract was prepared as described (Bienz et al., 1983) . The proteins contained in the extract were separated on thick (1.5 mm) 10~ SDS-PAGE slab gels (Laemmli, 1970) , stained with aqueous 1 ~ Coomassie Brilliant Blue and the region corresponding to the desired viral protein was cut out. The precise location of the viral proteins with respect to the stained pattern of the cellular proteins was originally determined by comparing a Coomassie Brilliant Blue-stained gel of an infected cytoplasmic extract with its autoradiograph on which the ~4C-labelled viral proteins were visible. The cut-out strips were electrophoretically eluted as described by Otto & Snejdfi~rkov~. (1981) and concentrated by ultrafiltration (Amicon). Excess detergent was subsequently removed by pressure dialysis in the same ultrafiltration cell with 150 mM-NaC1, 10 mM-Tris-HC1 pH 7.4 and 5 mM-2-mercaptoethanol. The presence of the desired viral protein was ascertained by PAGE of the eluted concentrated protein followed by fluorography of the impregnated ('Enlightning', New England Nuclear) gel on prefogged (Laskey & Mills, 1975 ) X-Omat film (Kodak). (ii) Control antigen. For testing hybridoma supernatants for anti-cell Abs and for the production of monospecific sera, cellular proteins co-migrating with the viral proteins were obtained by eluting corresponding strips from gels loaded with extracts of uninfected cells. The proteins were processed as indicated for (i).
Monospecific antibodies. Abs were induced in BALB/c mice by three intraperitoneal injections, each of approx. 200 lag of protein (viral antigen, see above) at weekly intervals. Sera were obtained 10 days after the last injection. To prepare monospecific sera, they were absorbed extensively with control antigen as follows. One-hundred to 200 ~tg of the control antigen was adsorbed onto a small nitrocellulose (NC) circle (approx. 2.5 cm diam.). After drying, free binding sites on the NC were blocked with 3~ ovalbumin in 50 mM-Tris-HC1, 150 mra-NaCl for 15 min. The serum was diluted 1 : 10 in the same buffer and 1 ml of the diluted serum was incubated together with a circle on a shaker for 2 h. The NC circle was removed and replaced by a new circle, coated and blocked as above. This was repeated twice. The serum thus obtained reacted in immunoblots only with the appropriate bands of gel samples from infected and not from uninfected cells (Fig. 1 a) .
Monoclonal antibodies. (i) Immunization and fusion. BALB/c mice were immunized as above with two or three i.p. injections at 14 day intervals. One month later, the mice were injected again with 100 Ixg viral antigen by intravenous and i.p injections. After another 4 days the mice were sacrificed and their spleen cells fused (K6hler & Milstein, 1975) to SP2/O-Ag-14 mouse myeloma cells (Shulman et al., 1978) in the ratio of 10 : 1, using polyethylene glycol 4000. The cells were distributed into 24-well plates (Nunc) containing mouse macrophages as a feeder layer. Hybridomas were selected by standard methods using HAT medium. (ii) Selection of Ab-producing hybridomas and cloning. The hybridoma culture supernatants were individually screened for the presence of Ab by an indirect ELISA in plates (Dynatech) coated with either dialysed viral or control antigen (see above). Antibodies reacting with viral or cellular proteins were detected with horseradish peroxidase-coupled anti-mouse (Fc) Ab (Nordic Immunological Laboratories, Tilburg, The Netherlands) using o-phenylenediamine as a substrate.
Immunoglobulin subclass determination was performed in an isotype-specific ELISA. All monoclonal Abs reported here were of the IgG 1 subclass. Cultures yielding supernatants that reacted only with viral antigen and not with control antigen were purified by the limiting dilution method and further tested in immunoblots.
Immunoblot analysis ('Western blotting') . Cytoplasmic extracts from poliovirus-infected, 14C-amino acid-labelled and from uninfected, unlabelled cells were prepared as above, separated by PAGE and electrophoreticaUy transferred to NC sheets (Bio-Rad) as described by Towbin et al. (1979) . Incubation with hybridoma supernatant was done as described by Mertens et al. (1983) except that the bound immunoglobulins were detected with rabbit anti-mouse IgG coupled to horseradish peroxidase (Nordic). Antibodies directed against viral proteins were identified by comparing the stained bands on the NC strips from infected and uninfected cells. For identification of the viral proteins, the strips were subjected to autoradiography on Kodak X-Omat film.
lmmunoprecipitation. (i) Of denatured viral proteins.
[3H]Leucine-labelled infected cytoplasmic extracts were treated with 2~ SDS. The diluted (1:20) extract was reacted with monoclonal Ab as described by Emini et al. (1985) . The immune complexes were precipitated with rabbit anti-mouse 7S Ab (Nordic), covalently bound to Protein A-Sepharose CL-4B (Pharmacia) by the method of Schneider et al. (1982) . The precipitates were dissociated by boiling in 4~ SDS and the supernatant was analysed by PAGE followed by fluorography as above.
(ii) Of native viral proteins. The cytoplasmic extract was incubated with 1.7 M-NaC1 and 5mM-EDTA for 45 min at 4 °C. Triton X-100 and sodium deoxycholate were then added to a final concentration of 5 ~ each and the mixture was incubated for another 30 rain. Immunoprecipitation and analysis of the proteins were done as for (i).
Immunofluorescence. Smears of poliovirus-infected cells were fixed with cold acetone for 20 min, incubated for 30 min with Ab against poliovirus P2 proteins, rinsed with phosphate-buffered saline (PBS) and stained with anti-mouse fluorescein isothiocyanate-coupled Ab (Nordic), rinsed again and covered with glycerol containing 1,4-diazabicyclo[2 ~ 2.2]octane (DABCO ; Valnes & Brandtzaeg, 1985) .
EM immunocytochemistry. Fixation, embedding and EM immunogold staining were done as described by Bienz et al. (1986) . In short, at various times after infection, cells were fixed for 2 h in 2~ paraformaldehyde in PBS, treated with N H4CI, dehydrated in dimethylformamide and embedded in Lowicryl K4M (Armbruster et al., 1982; Carlemalm et al., 1982) as modified by Altman et al. (1984) in their 'intermediate technique'.
As an immunocytochemical label, the goat anti-mouse IgG marker GAM-G10 (10 nm gold grains) was purchased from Janssen Pharmaceutica (Beerse, Belgium). The immune EM staining was done essentially as indicated by this manufacturer. Incubation with the primary Ab diluted in 5 ~ normal goat serum in 0.1 ~ bovine serum albumin, 20 mM-Tris-HCl, 0.9~ NaC1, pH 8-2, was performed for 1 h. After rinsing, the grids were floated on the GAM gold label (diluted 1:20) for 1 h, rinsed again and fixed with 2~ glutaraldehyde in PBS for 15 min to minimize loss of gold label during staining with an aqueous 4 ~ solution of uranyl acetate for 45 min at 37 °C. The sections were viewed in a Siemens 102 electron microscope operated at 100 or 125 kV, depending on the section thickness.
RESULTS
Recognition o f denatured protein
A n E L I S A reaction with SDS-denatured viral and control antigens was used as a screening test for monoclonal Ab. The h y b r i d o m a supernatants reacting only with viral antigen and the monospecific antisera (see Methods) were then further tested in i m m u n o b l o t s derived from S D S -P A G E slab gels. Fig. 1 (b) shows that on blots from cytoplasmic extracts the Abs reacted p r e d o m i n a n t l y with protein 2C and to a lesser degree with its precursors 2BC and P2. O n blots containing proteins electroeluted from the 2C or 2BC region, respectively, and applied to the gel in equimolar amounts, both antigens were equally well recognized (not shown). This was interpreted to mean that the Abs recognize an epitope in the C-terminal part of the molecule common to both 2C and 2BC, and the lower staining intensity of the 2BC observed with the cytoplasmic extract was due to a much lower amount of 2BC being present. The Abs were tested for their ability to precipitate viral proteins from SDS-treated cytoplasmic extracts. Those proteins of the P2 region containing its C-terminal half, i.e P2, 2BC and 2C, were precipitated as shown in Fig. 2 (a) in a fluorograph of a S D S -P A G E gel on which such immunoprecipitates were analysed. The amount of a protein precipitated was again proportional to its amount present in the cytoplasmic extract. 
Recognition of native protein
As mentioned in Introduction, most of the NCVPs in poliovirus-infected cells are associated with cellular structures. The best solubilization of the viral proteins without using strong denaturing agents was achieved by high salt (1.7 ~-NaC1) treatment followed by Triton X-100 and sodium deoxycholate. As shown in Fig. 2(b) , the Abs recognized and readily precipitated native viral proteins of the P2 region in such preparations in addition to VPs. The coprecipitation of capsid proteins was considered to result from solubilization of the cytoplasmic extract having still been incomplete. EM immunocytochemical observations also indicate a close association of 2C and VPs in the living cell (unpublished results). The recognition of native proteins was considered to be a prerequisite for the use of the Abs in immunocytochemistry using acetone-(LM) or aldehyde-(EM) fixed cells.
Immunofluorescence with smears of infected, acetone-fixed cells was possible with all monospecific and monoclonal anti-P2 Abs (Fig. 3) . The Abs stained a juxtanuclear, defined region which in the EM was identified as a field of virus-induced vesicles (Bienz et al., 1980) , previously shown to be induced by and to contain preferentially proteins of the P2 region, in addition to the viral polymerase 3D (Bienz et al., 1983) . This intracellular distribution of the proteins of the P2 region was also very much in accord with immune-EM findings (Fig. 4) on paraformaldehyde-fixed cells. Details of the ultrastructural localization of P2 proteins are to be published elsewhere. No difference in location or intensity of the gold label could be observed using either monospecific or monoclonal Abs; the former, however, tended to give a slightly increased background staining.
DISCUSSION
Monoclonal Abs recognizing protein conformation, such as neutralization epitopes on picornaviruses, often do not recognize the corresponding fully denatured protein (Emini et al., 1982; Ferguson et al., 1984; Hughes & Stanton, 1985) . One would expect the inverse to happen frequently, i.e. that an Ab raised against a denatured protein and thus reacting with a sequence of amino acids would recognize the native protein. With poliovirus, this was shown for polyclonal sera (Blondel et al., 1982; Chow & Baltimore, 1982) as well as monoclonal Abs (Vrijsen et al., 1984) , both directed against capsid proteins. The broad reactivity of such 'sequence Abs' reported in these publications led us to attempt to induce Abs against poliovirus non-capsid proteins of the P2 region with proteins denatured by SDS. At the same time, SDS would allow easy solubilization and separation of the proteins and, thus, circumvent the difficulties in protein isolation and purification outlined in Introduction. The results presented show that our polyclonal and monoclonal Abs thus obtained recognize the poliovirus non- Fig. 4 . Electron microscopic immunocytochemistry of a poliovirus-infected cell 3" 5 h post-infection. The monoclonal Ab combined with P2 proteins contained in the region of the virus-induced vesicles. Bar marker represents 1 ~tm. The 10 nm gold label, coupled to the secondary anti-mouse Ab, is enlarged in size by a photographic procedure (EM-silver enhancement; Bienz et al., 1986) in order to increase its visibility at low magnifications. structural proteins of the P2 region, which share a common sequence in their C-terminal part, i.e. the proteins P2, 2BC and 2C. They combine with SDS-denatured proteins in the ELISA, immunoblot and immunoprecipitation tests. They also recognize the native proteins in immunofluorescence assays or, after aldehyde fixation, by EM immunocytochemistry.
For many applications such as immunoprecipitation or immunocytochemistry, highly avid Abs are desirable. As monoclonal Abs do not always meet this requirement, many researchers prefer monospecific polyclonal Abs which, by virtue of their recognition of several epitopes on the same antigen, exhibit the highest available avidity. It is noteworthy, therefore, that we did not find a significant difference of labelling intensity in EM immunocytochemistry using our polyclonal or our monoclonal Abs. This means that in our system avidity does not seem to be a major problem. The observation that with monoclonal Abs background staining is virtually absent argues strongly for the use of monoclonal Abs. Such a low background is advantageous, and may even be essential especially for preparations of low antigen content. A slight background reaction was observed with the polyclonal Abs. It can not be decided at present whether this is due to non-specific binding of mouse IgG present in the sera or if it represents specific binding of a very small amount of anti-cell Ab not completely eliminated during the absorption process, but not detectable by immunoblotting.
As well as requiring adequate preservation of antigenicity during the fixation process, the combination of Ab with the aldehyde-fixed proteins in immunocytochemical preparations depends largely on the spatial accessibility of the antigenic epitope. Generally, formaldehyde which is a monofunctional aldehyde and leads therefore to a low degree of protein cross-linking, is preferred in immunocytochemistry over a bi-or multifunctional aldehyde such as glutaraldehyde, which may render epitopes unaccessible to the Ab by highly cross-linking tertiary structure (McLean & Nakane, 1974). On the other hand, ultrastructural preservation for EM depends to a large degree on cross-linking and so the two requirements, antigenicity and ultrastructure, have to be balanced carefully.
Monoclonal an d monospecific Abs against NCVPs of picornaviruses may help to elucidate some of the unknown functions of these proteins in a variety of ways, including functional blocking of the proteins in appropriate cell-free systems and in intact cells or by locating them in immunocytochemical preparations. Work along these lines continues in our laboratory.
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